Haemangiopericytomas (HPCs) 
Introduction
Haemangiopericytoma (HPC) is a malignant neoplasm that originates from Zimmermann pericytes surrounding capillaries and venules [13] . Although found in the central nervous system (CNS), HPC rarely occurs in the spine. Until now, approximately 80 cases of intraspinal HPC have been reported, of which only 10 were located in the intradural extramedullary region [14, 15] . In terms of clinical presentation and imaging studies, HPC in the CNS resembles meningioma; however, it is characterised by high vascularity and aggressiveness and has a strong tendency to recur locally and metastasise [17] . The 2016 the World Health Organisation (WHO) classified this neoplasm as a solitary fibrous tumour (SFT)/HPC of grade II and III, previously diagnosed as HPC and anaplastic HPC, respectively [11, 16] .
Usually tumours including primary tumour and metastatic cancer developing within the spinal canal can result in spinal cord compression, the symptoms of which, involving pain, motor weakness, sensory changes, and sphincter dysfunction, can occur together or present in isolation. In such conditions, neurological compromise may worsen gradually, and delays in diagnosis and treatment may cause potentially irreversible neurological impairment [7] .
Herein we report a rare case of intradural extramedullary HPC in the thoracic spine with a very good prognosis after a long course of paraplegia.
Case report
A 65-year-old man was admitted to our hospital with a three-month history of increasing thoracic back pain after a two-year mild course. He also suffered from progressive weakness of lower limbs and sensory disturbance below his xiphoid for two years. History-taking revealed that his neurological symptoms had proceeded to complete paralysis and loss of sensation in both legs 14 months previously. Eighteen months prior to admission, he had been diagnosed with cervical spinal stenosis and undergone a spinal canal decompressive operation at another hospital. However, all the above symptoms had not been alleviated anymore, and worse, during the subsequent three months, he had developed urinary incontinence and constipation. The rest of the history included heart stent angioplasty three years earlier. Neurological examination revealed bilateral 0/5 strength at hip, knee, and ankle levels. Both the lower limbs showed decreased muscle tone but exaggerated deep tendon reflexes. Lower abdominal and cremasteric reflex was absent. Loss of sensation was examined below T8 level, while the skin region at T7-8 level was more sensitive to pain. Babinski sign was positive bilaterally.
Magnetic resonance imaging of the spine showed the mass as hypointense on T1-weighted and hyper- A B C intense on T2-weighted images. Contrast-enhanced MRI displayed a well-enhanced intradural extramedullary lesion with severe compression over the cord on the dorsal side at T7-T8 level. Spinal angiography revealed an unusual hypervascular mass with radicular venous drainage and filling of congested intradural veins descending to the level of T12 (Fig. 1) . The patient then underwent T7-T8 laminectomy. Under microscope visualisation, incision of the dura mater revealed an oval, soft, red, and highly vascular tumour with large draining veins beneath it. This mass adhered tightly to the spinal cord, occupied the right dorsolateral gutter and put the cord to the left front. We carefully isolated the tumour border from the cord and performed a complete removal of the intradural extramedullary lesion. A nerve root involved in the tumour was coagulated and severed, as well as the large radicular draining vein identified on the angiogram. The thoracic back pain was significantly alleviated after surgery and the postoperative course progressed without complications.
Microscopically, the intradural extramedullary mass shows abundant blood vessels resulting in a "staghorn" appearance. Oval to spindled tumour cells with elongated round nuclei and distributed chromatin can be observed as well as occasional mitoses. For immuno-staining, the tumour cells showed positive for CD31, CD34, FVIII, Bcl-2, and Ki67 (25%), while the negative immune-staining for CD99, smooth muscle actin (SMA), and S-100, which help us rule out the smooth muscle cells, originated or neurogenic tumour (Fig. 2) . The tumour cells failed to express STAT-6 nuclear staining, which is thought to be a specific marker for SFT, but we still made the final diagnosis of HPC/SFT, WHO grade II, after careful observation and consultation by three different experienced pathologists.
With concern about the high risk of recurrence of HPC and the potential benefits of radiotherapy [15] , the patient was willing to be suggested for postoperative radiotherapy. The patient then received a onemonth course of the adjuvant therapy with a total dose of 60 Gy and continued rehabilitation involving skin care, muscle massage, and passive mobility training of lower limbs according to network teaching courses. 
A B C
The neurological status of the patient gradually improved. He presented with increased strength of lower limbs, regained pain and warm sense below T8 level, and urinated and defecated normally during a period of 3-5 months. Reflexes had also returned. Four years of follow-up survey indicated that this patient was able to walk with the help of walking sticks and his lower limb muscle strength was up to 4/5. Enhanced MRI examination showed no tumour relapse findings, and no evidence of any symptoms and signs associated with metastatic lesion was found (Fig. 3) .
Discussion
Haemangiopericytoma was first described by Stout and Murray in 1942 [30] . It is a highly vascular mesenchymal neoplasm with rapid growth. The average age of patients at primary diagnosis ranges from 32 to 41 years. This tumour occurs most commonly in the subcutaneous soft tissue and skeletal system, of which only 1% are found in the CNS [2, 6] . In the CNS, the tumour is more usually found in the cranial cavity, while spinal involvement is rare. Our search of the literature showed few reported cases including only 10 intradural extramedullary HPCs.
Haemangiopericytoma was once thought to represent an aggressive form of angioblastic meningioma [27] , due to the similarities in clinical manifestation and imaging findings. The differential diagnosis of HPC and malignant, invasive meningioma can be very difficult. HPC is usually characterised by non-specificity of radiographic findings, including a dural attachment, dural tail sign, an isodense signal or slightly hyperintense on T1-and T2-weighted imaging, a heterogenous enhancement with contrast, and flow voids [15, 28] . Thus, a correct diagnosis should be mainly based on careful histopathological evaluation, which is essential for appropriate management. Surgery is the primary treatment of choice for spinal HPC. Previous studies demonstrated that gross total resection, if feasible, improved 5-year local control and disease-free survival compared with a partial resection in CNS HPCs [6, 26] . Usually, total resection of intraural HPC is relatively easy because of growth into subdural space and localisation. A few HPCs may follow the cord surface vessels to invade cord tissue, which can increase the operative difficulty [4] . However, some reported results showed that total resection did not represent A B a statistically significant survival or recurrence-free benefit [4, 15] , which indicated that total resection may not be necessary for intraspinal HPCs with high risk. Given that intradural HPC may be characterised by massive bleeding during surgeries [14] , preoperative embolisation can help in bleeding control and better removal; however, if severe compression already exists [5, 17, 19] , embolisation may lead to clinical deterioration, probably caused by tumour swelling [4] . Adjuvant radiation therapy was found to increase local control rates and improve length of survival for CNS HPCs [9, 12, 17, 26, 29] . However, the results from some other studies showed that patients could not obtain any survival benefits from radiotherapy which also had no likelihood of reduced recurrence rate [10, 15] . It is difficult to draw conclusions regarding the efficacy of radiotherapy in the treatment of CNS HPCs, and large-scale, prospective studies are needed in the future. More importantly, long-term follow-up and serial imaging is necessary for all patients after surgery regardless of radiation therapy. The role of chemotherapy in the management of HPC is also less clear that previous studies has generally proven this treatment modality ineffective [2, 10] , while combination therapy with temozolomide and bevacizumab has recently been demonstrated as a generally well-tolerated and clinically beneficial regimen [23] . Additionally, salvage chemotherapy in recurrent HPC seems to be acceptable, with modest efficacy [3] . Currently, survival time and recurrence of patients with intraspinal HPC has been found to be clearly associated with tumour pathological grade, of which high-grade ones had a poor prognosis [15] . P53 expression has also been reported to be an independent protective factor for progression-free survival (PFS), but adjuvant radiation was found to extend PFS only in the p53-negative expression group [31] . The prognostic significance of other molecular biomarkers, such as Ki-67, for those tumours has not been found [31] . Additionally, extradural lesions appeared to relapse earlier than intradural tumours at 2.6 vs. 6 years, respectively [28] . On the whole, recent series reported 5-year survival rates of CNS HPCs ranging from 76% to 93%, and recurrence could occur many years after initial treatment with a rate of 48% to 92% [15, 18, 26] . CNS and/or distant metastasis can occur in 4% to 50% of patients in a long time [18, 26] .
In terms of clinical outcome, patients with HPC have a longer overall survival than other CNS malignancies such as glioma [22] . Thus, besides prolonging HPC patients' lifespan, we should also focus on improving the quality of life. Rehabilitation is indicated in all patients with neurological disturbance, and the task is particularly important because patients with spinal tumours, who participate in rehabilitation programs, show general improvement in function, mood, quality of life, and survival, and these benefits can persist until the patient's death [24, 25] . Furthermore, specialist spinal rehabilitation units are highly recommended to better manage the consequences of spinal cord damage and to achieve the best outcomes [20] . Individual rehabilitation programs should be designed based on the degree of paralysis, the stage of the underlying malignant disease, disturbances in the function of other systems, the patient's age, his/ her expectation, and other factors. For example, paraplegic patients with bowel and bladder incontinence can receive instruction in transfers, incentive spirometry, nutrition, bowel and bladder care, and skin care. Also, ambulatory patients can receive strength and mobility training [1] .
In the present case, the diagnosis of spinal HPC was delayed by two years after the onset of symptoms, and this period appeared to be too long and the grade of spinal cord damage seemed too high to gain neurological recovery [21] , although total surgical resection of the tumour was performed. To our surprise, he gradually recovered from complete paralysis of lower limbs, and the power of both legs reached grade 4/5 at the levels of hip, knee, and ankle, without any neurological deterioration. When backtracking on information before hospitalisation, we found that this patient had been receiving regular, although non-professional, function exercises with a CPM machine and his caregiver to prevent muscle atrophy because he was unable to move his legs. This reveals that rehabilitation excises play a vital role in the recovery of neurological function when the anatomy of spinal cord nerves is intact, which can be explained, at least partly, by the fact that neuronal centres below the level of the lesion exhibit plasticity, and specific training paradigms will provide input and stimulation to make them recover [8] . In addition, this patient with a history of heart stent angioplasty has been regularly taking aspirin for anticoagulation, which may prevent small blood vessels surrounding the compressed spine cord blockage completely and influence regeneration of neurons to some extent.
In conclusion, we described an extremely rare case of intradural extramedullary HPC, which caused serious compression of the thoracic spinal cord, and this patient recovered from complete paralysis and loss of feeling in lower limbs after a long course. Surgical removal of the lesion is still the preferred treatment for patients with HPC to relieve symptoms, and adjuvant radiotherapy and/or chemotherapy may help control tumour recurrence or metastasis, which remains inconclusive. Notably, rehabilitation training with enhancement of an appropriate proprioceptive input is an important factor that potentially promotes neurological function recovery.
